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Abstract: The aim of the article is to carry out a statistically and ecologically substantiated analysis of the 
variation of the average distance in the natural mountainous beech forests from the Gutâi Mountains. The 
brushes studied belong, from an administrative point of view to the Baia Mare Forestry Direction and represent 
about 80% from the total of the woods in the zone of the Gutâi Mountains. The non-parametric analysis of the 
variation and the partial multiple regression supplied by the MINITAB 13 program have been used. The brushes 
studied are irregular, with a relatively pluriaged and relatively age-even, the pluriaged one being predominant.  
No significant differences between the different levels of the geographic and physical factors have been noticed.  
Besides the physical and geographical factors there are also other factors that influence the values of the average 
distance between the trees, out of which the most important is the total number of trees (intra-specific relations 
between the trees, the age, the productivity, etc.); 
The average distance between the trees has no significance on the brush consistency because, for example, at the 
altitudinal limit of the forest the trees, although in quite a large number, are grouped in resistance bio-groups, the 
maximum consistency being of 0.5 - 0.6; 
The maximum average values of the average distance between the trees is recorded at the altitudinal level 1001 




The natural mountainous beech forests from the Oaş – Gutâi – łibleş mountain chain 
covers and area of about 65,000 ha, while in the Gutâi mountains the mountainous beech 
forests cover a compact and expanded strip with an area of more than 9,300 ha, representing 
almost 80% of the total area covered by forests at present (***, 2002; ***,2005). The 
mountainous beech forests from this massif cover the Someş flank of the massif and are 
included in U.P. II Şuior, U.P. III Cavnic and U.P. IV DumbrăviŃa from the Baia Sprie 
Forestry and the Maramureş flank of the massif, in U.P. III Budeşti and U.P. IV Gutin from 
the Mara Forestry (Rob, 2003, 2004, 2006).  
In this mountainous space predominate pure mountainous beech forests, diversely 
structured, with a strong dimensional and productive variability, also emphasized by the 








MATERIALS AND METHODS 
 
For this study one has chosen only pure or almost pure beech forests, located at altitudes 
between 800 and above 1,300 m, up the present altitude limit, where no forestry works have 
been applied.  
One has studied especially the mountainous beech forests with + pluriaged structures. 
42 test areas have been located, distributed non-uniformly over altitudinal levels, exposure 
categories, flank slope categories and forms of relief, from the area of the beech trees situated 
on the two flanks of the Gutâi massif (Rob, 2003).  
 
In-situ works 
For the in-situ investigation one has adopted the method of observation on the itinerary, 
a method recommended in case of hilly relief. Strongly fragmented, characteristic for the 
zone populated with pure mountainous beech forests and biometrical measurements have 
been carried out.    
According to the specific features of the method, 42 research areas have been placed, as 
stripes of 500 square meters, with the size of 50 x 10m, oriented with the big axis along the 
level curve (Popescu-Zeletin and Dissescu, 1964). 
For altitude, the following categories have been used: between 801 and 100m, between 
1001 and 1200m, between 1201 and 1300m and above 1300m, up to the present limit of the 
mountainous beech forests from the Gutâi Mountains. 
For exposure the following categories (ChiriŃă et al, 1964; ChiriŃă et al, 1977) and 
quantifications, depending on how suitable these were for beech: 
- Sunny – ÎNS. (1) – southern exposure, south-eastern and south-western, with the 
flanks exposed to the sun almost all day, warmer and drier and with earlier 
springs; 
- Shadowy – UMB. (5) -  northern exposure, north-eastern and north-western, with 
colder and wetter flanks, with later springs and early autumn freezing; 
- Partly sunny – P.ÎNS. (3) – eastern and western exposure, with the flanks exposed 
to the sun in the morning and in the afternoon. 
For the slope, the following categories have been used: under 20 degrees, between 20 –
30 degrees and above 30 degrees. 
For the forms of relief the following categories and quantifications have been used, 
depending on their suitability for beech:  
- inferior flank + plateau – VI (5); 
- middle flank – VM (3); 
- superior flank – VS (1); 
 
Office works 
On the grounds of the documentation carried out and with the data obtained in situ the 
data have been represented, stratified and subsequently the statistic analysis, the synthesis and 
the interpretation of the results have been done. 
The program of descriptive statistic analysis, supplied by MICROSOFT EXCEL has 
been used in order to determine the main statistic indexes, respectively the arithmetic mean 
(x), the median, the standard error (ASM), the standard deviation (s), the variance (s2) and the 
variation coefficient (CV), (Giurgiu, V., 1972; ChiŃea Gh., 2001). The distribution of the data 
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for each analyzed parameter was shown by graphs of the type „box and moustache”, by using 
the program MINITAB 13.  
For the analysis of the differences of the analyzed parameters, on different levels, of the 
physical and geographical factors, the method Kruskal – Wallis for variance analysis, 
supplied by the program MINITAB 13 was used, for the transgression probability of 0.05 
(Abrudan, 1998).  
This non-parametric method is also applied in case the values of the different 
parameters analyzed have not been normally distributed. In order to achieve a hierarchy of the 
main factors in relation with the intensity of the influence on the values of the analyzed 
parameters, the method of analysis used was the multiple partial regression, supplied by the 
MINITAB 13.  
The determination of the correlation between the physical and geographical factors and 
the dependent variables has been carried out by the program MINITAB 13. 
 
RESULTS AND DISCUSIONS 
 
The average distance between the trees was calculated in the hypothesis of the 
distribution of the trees in a network of squares, according to the formula 11 = 10000 (20*N), 
where N represents the total number of trees from the research area (the trees are considered 
to be positioned in the centre of each square), (Rob, 2003).  
The means of the values of the average distance between trees by categories of 
exposure, slope and form of relief, in relation with the altitude levels are presented in Table 1. 
Table 1 
Variation of the average distance between trees, by category of exposure, slope and form of 
 relief, in relation with the altitude 
 
The average distance between trees varies between 3.45 m in S.P. 24 (where there is the 
maximum number of trees – 42) and 7.5 m in S.P. 36 (where there is the minimum number of 
trees - 8).  
I. Variation of the average distance between trees in relation with the altitude  
The average values vary between 4.66 m (above 1300 m) and 5.52 m (1001 – 1200 m), 
similar to the variation of the number of trees on altitude levels. The difference consists in the 
fact that at the altitude level 12001 – 1300m, normally the value of the average distances 
between trees should be smaller than at the level 1201 – 1300m. The reverse correlation is 
Category of Exposure    Variable Slope    Variable Form of    Variable
altitude l (grade) l relief l
(m) (m) (m) (m)
801-1000 ÎNS. 4,9 <20 5,29 VI 5,71
P. ÎNS. 4,92 20-30 4,76 VM 4,93
UMB. 5,84 >30 5,35 VS 4,47
1001-1200 ÎNS. 5,81 <20 5,46 VI 7,05
P. ÎNS. 5,3 20-30 5,46 VM 5,2
UMB. 5,49 >30 6,2 VS 5,25
1201-1300 ÎNS. 5,24 <20 * VI *
P. ÎNS. 5,12 20-30 5,05 VM 5,45
UMB. 5,48 >30 5,69 VS 5,3
>1300 ÎNS. 4,52 <20 * VI *
P. ÎNS. 4,44 20-30 4,3 VM 4,56
UMB. 5,27 >30 5,27 VS 4,68
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kept between the two altitude levels in relation with the median values of the number of trees 
in such a way that at an average value of the average distance between the trees, smaller at the 
altitude level 1201 – 1300m as compared to the level 1001 – 1200m, corresponds a bigger 
median value of the total number of trees. At the level 1001 – 1200m, at the total number of 
trees there is a big discordance between the average value and the median and a bigger 
variation coefficient (46.5%). 
As one can notice, no significant differences between the altitude levels have been 
found.  
In the analyzed case, the altitude represents the third factor as importance of the 
significant influence, after the relief and the exposure. 
The variation coefficients have small values (under 30%)which denotes a reduced 
variability (more reduced than in case of the total number of trees, the diameter at the basis 
and the diameter of the crown, variables correlated quite closely to the total number of trees) 
and a high degree of representation of the average values.  
The variation of the average values is similar to the variation of the average values of 
the diameter at the basis at the same altitude levels, and the maximum and minimum value of 
the variation coefficient is registered at the same altitude level as that of the diameter and the 
total number of trees (Rob, 2004).  
 
2. Variation of the average distance between trees in relation with the exposure 
The average values vary between 4.87 m (P.INS.) and 5.55 (UMB.), without noticing 
any significant differences between the exposure categories.  
The variation of the average values is similar to that of the average values of the 
diameter, of the height and of the total number of trees over the research area (in a reverted 
direction), as compared to the exposure categories.  
The variation coefficients have small values (smaller than those of the diameter, of the 
height and of the total number of trees), which denotes a reduced variability and a big degree 
of representation of the means (Rob, 2003, 2004).  
The maximum value of the variation coefficient is recorded at the same category of 
exposure as in case of the diameter, and the minimum value like in case of the total number of 
trees over the research area.  
The exposure holds the second place as importance of the significant influence over the 
average values of the analyzed variables, after the relief.  
The correlation coefficient (r = 0.190) denotes a poor and reverse correlation and one 
can notice a slight tendency of growth of the values from the sunny exposure to the shaded 
one.    
 
3. Variation of the average distance between trees in relation with the slope 
The average values of the average distance between trees vary between 4.91 m (20 -
30g) and 5.49 m (above 30g), although no significant differences between the slope 
categories have been found. 
The variation of the means seems to be reversely correlated with that of the average 
values of the total number of trees over the research area, for the same categories of slope.  
The variation coefficients also have values under 3-% and are smaller than those of the 
total number of trees, diameter and height. The maximum and minimum values are registered 
at the same categories of slope as in case of the total number of trees. 
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The correlation coefficient has a very small value (r=0.034), which denotes, among 
others, the fact that besides the slope, other influent factors occur (such as the number of 
trees). 
 
4. Variation of the average distance between trees in relation with the form of relief 
The average values vary between 5.02 (VS) and 6.09 m (VI), although the results of the 
variance analyses have not pointed out significant differences between the categories of forms 
of relief.  
The variation coefficients also have small values (<30%) and are smaller than those of 
the total number of trees and of the basis diameter and of the total height. Their minimum and 
maximum values are registered on the same types of flanks and in case of the total number of 
trees.  
The relief holds the first place as importance of the significant influence over the 
average values of the analyzed variables. The correlation coefficient (r = 0.328), although the 
biggest in absolute value, as compared with the other physical and geographical factors, 
denotes a rather poor and direct correlation (in case of the linear connection).  
One can also notice a tendency of decrease of the values of the average distance 
between the trees, from the inferior flanks to the superior ones; it seems that in this case as 
well, the decisive factor for the value of the analyzed variables remains the total number of 




Taking into consideration what has been mentioned above the following significant 
aspects are to be remembered:  
- the relief represents the main factor with significant influence on the values of the 
average distance between the trees, being followed by exposure, altitude and 
slope;  
- no significant differences have been noticed between the different levels of the 
physical and geographical factors;  
- the values of the variation coefficients are small (<30%) and denote a reduced 
variability and a big degree of representation of the means;  
- beside the physical and geographical factors other factors influence the average 
distance between trees, out of which the most important is the total number of 
trees (intra-specific relation between trees, age, productivity, etc.); 
- the variation coefficients have smaller values than those of the total number of 
trees and of the basis diameter and of the total height, in all cases; 
- one can notice a reverse correlation with the total number of trees, which are 
relatively maintained for the categories of exposure, slope and forms of relief, in 
relation with the altitude levels; 
- the average distance between the trees has no importance for the consistency of 
the brush because, for example, at the altitude limit of the wood, the trees, 
although in a very large number, are grouped in resistance bio-groups, the 
consistency being 0.5 – 0.6; 
- the maximum average values of the average distance between the trees is 
registered at the altitude level 1001 – 1200 m, on shaded exposures, when the 





1. Abrudan, I. V., 1998, Ecological and Forestry Productive Research about the Natural Mixture of Resinous 
Trees with Beech in the Superior Basin of Valea Draganului (north-west of Romania). Doctor’s degree 
paper, “Transilvania” University Brasov. 
2. ChiriŃă, C. D., V. Tufescu, Al. Beldie, G. Ceuca, P. Haring, V. Stănescu, G.  Toma, Aurora Tomescu, I. 
Vlad, 1964, Naturalistic and Methodological Bases of the Typology and Forestry Mapping, Publishing 
House of the Academy of the Romanian Popular Republic, Bucharest. 
3. ChiriŃă, C. D., I. Vlad, N. Păunescu, C. Roşu, I. Iancu, 1977, Forestry Stations, Publishing House of the 
Academy of the Romanian Popular Republic, Bucharest. 
4. ChiŃea, Gh., 2001, Biostatistics, Publishing House of the “Transilvania” University, Bra;ov. 
5. Florescu, I. I., N. V. Nicolescu, 1996, Sylviculture, Vol. I – Study of Forest, Lux – Libris Publishing House, 
Braşov. 
6. Giurgiu, V., 1972, Methods of Mathematical Statistics Applied in Sylviculture, Ceres Publishing House, 
Bucharest. 
7. Giurgiu, V., I. Decei, S. Armăşescu, 1972, Biometry of Trees and Brushes from Romania, Ceres Publishing 
House, Bucharest. 
8. Popescu Zeletin, I. R. Dissescu, 1964, Structure of the Virgin Brushes from Penteleu, Biology Studies and 
Research, Botanical Series, vol. XVI, Publishing House of the Academy of the Romanian Popular Republic, 
Bucharest. 
9. Rob, M., 2003, Research about the Structural and Qualitative Particularities of the Natural Mountainous 
Beech Forests from the Gutâi Mountains, Doctor’s Degree paper, “Transilvania” University Braşov 
10. Rob, M., 2004, Variation of the Number of Trees in Some Natural Mountainous Beech Forests from the 
Gutâi Mountains, Forests Magazine, no.2. 
11. Rob, M., 2004, Variation of the Basis Diameter and of the Crown of the Trees from Some Natural 
Mountainous Beech Forests Situated in the Gutâi Mountains, Sylviculture and Cynegetics Magazine, no. 19 
– 20. 
12. Rob, M., 2006, Variation of Heights in Some Natural Mountainous Beech Forests Situated in the Gutâi 
Mountains, Studia Universitas “Vasile Goldiş”, “Vasile Goldiş West University”, Baia Mare. 
13. Rob, M., 2006, Qualitative and Quantitative Variation of the Wood Production in Some Natural 
Mountainous Beech Forests Situated in the Gutâi Mountains, Forests Magazine, no.5 
14. ***, 2002, Forest Planning in Baia Sprie Forestry, General Study, UP.II Şuior, UP. III Cavnic, UP.IV 
DumbrăviŃa, ICAS Bucharest, Oradea Branch. 
15. ***, 2005, Forest Planning in Mara Forestry, General Study, UP.III Budeşti, UP IV, Gutin, ICAS 
Bucharest, Oradea Branch. 
 
  
 
 
 
